To collect information on the use of the Reveal implantable loop recorder (ILR) in the patient care pathway and to investigate its effectiveness in the diagnosis of unexplained recurrent syncope in everyday clinical practice.
Introduction
Syncope is common in the general population 1, 2 and is perceived as an important clinical problem with adverse outcomes from associated physical trauma, negative impact on quality of life, and an increased cardiovascular risk in many patients. 2 -5 The first European Society of Cardiology (ESC) guidelines for diagnosis and treatment of syncope were published in 2001 6 and were revised in 2004 7 and 2009. 8 The 2009 guidelines differ from earlier versions not only in their specific recommendations but also in their transatlantic endorsement; the guidelines were developed in collaboration with the Heart Failure Association (HFA) and Heart Rhythm Society (HRS) and were endorsed by a large number of national societies on both sides of the Atlantic. This range of specialties reflects the fact that syncope is a transient and often un-witnessed symptom with many possible underlying causes, leading to difficulties in standardizing diagnostic procedures. The updated versions of the guidelines highlight the use of implantable loop recorders (ILRs) and recommend their early use in the diagnostic work-up. In the majority of patients with a syncopal event, a corresponding arrhythmic event is likely to be seen in the ECG. The gold standard of diagnosis remains the correlation of a spontaneous event with a specific ECG finding, 9 but as the occurrence of syncope tends to be unpredictable, observers are unlikely to have the opportunity to record ECGs at the time of an event. The ability of ILRs to continuously record ECGs over long periods, with newer versions having longevity up to 3 years, makes them powerful diagnostic tools in patients with syncope secondary to an arrhythmia. The PICTURE (Place of Reveal In the Care pathway and Treatment of patients with Unexplained Recurrent Syncope) registry aimed to collect information on the use of the Reveal ILR (Medtronic Inc.) in the patient care pathway and to investigate the effectiveness of Reveal in the diagnosis of unexplained recurrent syncope and pre-syncope in everyday clinical practice. Data were gathered after the publication of the 2004 ESC guidelines and before the new 2009 version became available.
Methods
The PICTURE was a prospective, multicentre, observational postmarketing study conducted from November 2006 until October 2009 in 11 countries (Austria, the Czech Republic, Denmark, Finland, France, Germany, Israel, The Netherlands, the Slovak Republic, Sweden, and Switzerland). A total of 71 sites contributed to patient enrolment (see Appendix). The study was conducted in full compliance with the Declaration of Helsinki. 10 All investigators were required to follow the policies and procedures set forth by their governing Institutional Review Board (IRB)/Ethics Committee in compliance with local requirements. Participating patients gave written informed consent. The main objectives of the PICTURE study were to describe the standard care pathway in unexplained syncope, evaluate the burden of diagnostic tests, determine the diagnostic yield of the ILR, evaluate the time to diagnosis in relation to the timing of the ILR implant, determine the ratio between 'cardiac-related' and 'non-cardiac-related' diagnoses, determine the relationship between the number of preceding syncopal events and the time to diagnosis, and evaluate the relationship between diagnostic test results and ILRdocumented diagnosis.
Patients were eligible if they had recurrent unexplained syncope or pre-syncope, estimated after the event and not separated in the analysis. The term 'unexplained' was not defined in the protocol but the application of the term to a patient and the subsequent decision to implant an ILR and the programming of the device were left to the investigator's discretion. Investigators were to indicate if they implanted an ILR in the initial phase of the diagnostic process (in the guidelines of 2004 consisting of a thorough medical history, physical examination, orthostatic blood pressure measurements, or echocardiogram) or after a full diagnostic work-up (as interpreted by the respective investigator). Patients were followed up until the first recurrence of a syncopal event leading to a diagnosis or for at least 1 year.
At the time of enrolment, the following was recorded: history of syncope in the previous 2 years, total number of syncopal events during life time of patient, clinical characteristics of syncope, number of syncopal episodes with severe trauma (defined as fractures or injury with bleeding), clinical history, number of specialists seen in relation to syncope, specialty of physician referring for implant, number of admissions to ER and/or hospitalizations, diagnostic tests performed before implant of an ILR, and suspected diagnosis guided by the diagnostic tests before implant. Data on device implant complications were not actively collected. Follow-up was per normal clinical practice and subjects were advised to contact the treating physician promptly in the case of a suspected event. At follow-up visits, clinical characteristics of syncope, occurrence of severe trauma, admissions to ER and/or hospitalizations, the role of the ILR in establishing a diagnosis, ILR-guided diagnosis, other tests undertaken, and treatment administered for syncope were recorded.
Statistical analysis
All enrolled subjects received a Reveal Plus, DX or XT ILR. For a patient to be included in the final analysis, an implant/discharge visit was required together with a recurrence visit or a 1-year follow-up visit. For patients with more than one follow-up visit, the first visit after an event was included in the analysis. If patients had no event, the last visit that took place during the pre-specified follow-up period was included in the analysis. Events that occurred between enrolment and implant were not included in the analysis. Descriptive statistics were used for the analyses. For quantitative variables such as age, the mean and standard deviation, or median and interquartile (IQ) range were calculated as appropriate. For qualitative variables, counts and percentages were calculated. Time-to-event outcomes were described using the Kaplan-Meier curves, with day of implant as time zero.
The diagnostic effectiveness of the ILR was analysed in two ways. The diagnostic yield was defined as Reveal-guided diagnosis: a syncopal episode for which Reveal played a major role in determining whether the cause of syncope was either cardiac or non-cardiac. Further, investigators could specify the role of Reveal in a diagnosis as primary, confirmatory, or additional to other confirmatory tests.
Results

Patients and follow-up
Of a total 650 enrolled subjects, follow-up visit data (with or without events) were available for 570 subjects who were included in the analysed population. Most implants were performed on the day of enrolment. Fifty-three patients had to wait a median of 3 days (IQ range 1 -14) from enrolment to implant. The follow-up dates were missing for three patients and implant date for one patient. These patients were included in the follow-up analysis but excluded from the survival analysis. The average follow-up time after ILR implant was 10 + 6 months.
Patient characteristics at baseline
Baseline characteristics of the study population are shown in Table 1 . Average age was 61 + 17 years and 54% were women. Seven per cent of patients were enrolled based on unexplained pre-syncope; 91% had unexplained syncope and the classification Use of an implantable loop recorder was missing for 2% of patients. Patients with syncope had experienced a median of 4 reported events prior to enrolment, of which three were within the 2 years prior to enrolment. Mean age (+SD) at first syncope was 55 + 20 years. Reveal versions DX/XT were used in 316 patients (55%); the remaining 45% received Reveal Plus. Baseline characteristics for the 80 patients without complete follow-up did not differ from those in the overall population.
Physicians consulted and diagnostic tests performed before ILR implant
The first specialist consulted for syncope in almost 23% of patients was an emergency medicine consultant. Cardiologists were the first specialists consulted in 43% of cases and neurologists in 11% ( Figure 1 ). The last specialist consulted before the referral for implant of the ILR was a cardiologist in 72% of cases, with no other specialties represented in more than 10% of cases ( Figure 1 ). Cardiologists were the most frequently consulted specialists, with general practitioners second-most consulted physicians overall. Forty-seven per cent of the study population had consulted a neurologist at some point. Overall, patients had seen an average of three different specialists for management of their syncope. Most patients (70%) had been hospitalized at least once for syncope and one-third (36%) had experienced significant trauma in association with a syncopal episode.
The median number of tests performed per patient in the total study population was 13 (IQ range 9 -20; Table 2 ). The tests performed most frequently were echocardiography, ECG, ambulatory ECG monitoring, in-hospital ECG monitoring, exercise testing, and orthostatic blood pressure measurements. About half the patient population had undergone an MRI/CT scan (47%), neurological or psychiatric evaluation (47%), or electroencephalography (EEG; 39%). In contrast, carotid sinus massage or tilt tests were only undertaken in one-third of subjects. The ILR was implanted during the initial phase of the diagnostic work-up (up to four diagnostic tests) in 128 patients (22%).
Diagnostic yield
During follow-up, a total of 218 patients (38% of the population) experienced an episode of syncope, 149 (26% of patients or 68% of episodes) with prodromal symptoms. The percentages of patients who had a recurrence of syncope were 19, 26, and 36% after 3, 6, and 12 months, respectively ( Figure 2 ). Ten patients with an episode during follow-up (5.2% of the population with an event) had associated severe trauma.
There were 25 symptomatic recurrences without an ILR recording. Time to a syncopal event where Reveal played a role in the diagnosis showed the recurrence of diagnosis within 180 days as 20%, within 365 days as 30%, and within 462 days as 38% ( Figure 2) . The estimated rate of syncope after 30 days of follow-up was 10% and the estimated rate of diagnosis where Reveal played a role at this time of follow-up was 9%. Of the 218 events, 23 diagnoses were reported as not guided by Reveal data and for 12 patients, data were inconclusive. The diagnosis was reported as guided by Reveal in 78% of cases or 170 patients ( Figure 3) ; the role in 13 diagnoses was inconclusive. 
Specific treatment based on diagnosis made by ILR
Of the 170 Reveal-guided diagnoses, 75%, or 128 cases, were cardiac. This represented 59% of all recurrences of syncope. Reveal-guided diagnosis led to pacemaker implants in 86 patients, 51% of diagnosed cases. Antiarrhythmic drug therapy (7%), implantable cardioverter defibrillators (6%) and ablation (5%) were also utilized as treatment. No specific treatment was used in 18% of cases ( Figure 4 ). Therapies were similar in the total population with an event (n ¼ 218) but more patients in this population remained untreated upon diagnosis. In the 48 patients with an episode but without Reveal-guided diagnosis, 12% received dualchamber pacemakers, 4% anti-arrhythmic drug therapy, 4% had other drug therapy, and 4% education/counselling. There were no ICD implants or catheter ablations in these patients. The basis for diagnosis was not captured in these 48 subjects.
Discussion
The results of the PICTURE study provide new and important insights into the discrepancy between real-life care and the recommendations in the ESC guidelines at the time. The results underline that more efforts are needed if better adherence to guidelines are to be obtained. Two important findings were the large number of diagnostic tests that patients underwent before an ILR implant and the high diagnostic yield from the use of an ILR in the overall population with unexplained syncope. Together, these findings imply that if an ILR is implanted early, as emphasized in the 2009 ESC guidelines, a reduced number of tests might be needed. The PICTURE is the largest observational study to date to evaluate the usage and diagnostic effectiveness of ILRs in the everyday clinical diagnostic work-up of patients with unexplained syncope. The registry included European countries and Israel, but the findings may have wider relevance. As in Europe, implementation of guidelines in the USA has been patchy with several different recommendations published. 11 The 2009 guidelines are based on transatlantic consensus and might be better prepared to improve Figure 1 Physicians consulted in relation to syncope. Blue, red, and green bars indicate specialists seen at the hospital for the latest syncope episode; shaded bars last specialist consulted before ILR implant; open bars all specialists reported by patients as being consulted in relation to syncope in the past. GP, general practitioner. Data on GP consultations at initial contact were not collected. 14 The number of syncopal events before patients were considered for ILR implantation was close to those reported from EaSyAS and EGSYS 2. In comparison with these and other reports, 15 the incidence of severe trauma was high in PICTURE, particularly considering that the first syncope occurred only a few years before the implant. However, the study protocol did not include a specific term for mild traumas and the rates may be increased by mild injuries being reported as severe. The PICTURE study did not ascertain how familiar investigators were with the 2004 guidelines which recommended ILRs only as a last resort when other tests have failed to reach a diagnosis. Such familiarity would make the results more understandable. Nevertheless, a median of 13 tests per patient before considering an implant seems unnecessarily high. The large number of investigations may well have been due to the number of different specialists that patients met. The frequent use of EEG has been observed in other evaluations of diagnostic pathways for patients with syncope. 16, 17 In PICTURE, the EEG rates are most likely explained by the high percentage of referrals to neurologists. The clinical picture of syncope frequently includes neurological symptoms and is often mistaken for epilepsy, 18 which probably explains why neurologists are frequently consulted. Conversely, epilepsy may be mistaken as syncope, but in such patients, an ILR may be a faster way to arrive at the correct diagnosis, if an ILR recording can be obtained during a typical episode. Furthermore, almost half the patient population had undergone an MRI/CT scan, neurological evaluation, or psychiatric evaluation. In the EGSYS 1 population, reflecting the clinical context in 2001, the rates of MRI and/or CT scan were 20%. 17 There were, however, simple diagnostic tests that could have been used more widely and would have been included in the initial phase of evaluation, e.g. tilt test, carotid sinus massage, and orthostatic blood pressure measurements. Carotid sinus massage or tilt tests were performed on about one-third of the PICTURE subjects and since multiple tests were allowed, it is likely that more than two-thirds of the population did not undergo these tests. In theory, the differentiation between various forms of loss of consciousness and seizures may appear reasonably easy, but in the real world, the diagnosis most often has to be based on the retrospective observations of bystanders and little information from the patient, who has frequently no memory of the event. Thus, the patient or relatives do not know which specialist to see first, and the first physician may not be the most appropriate to reach a diagnosis. However, in PICTURE, the final diagnosis was most often a cardiac event and almost always an arrhythmic event. Also, cardiologists were often seen, both as the first and the last specialist before implant. These observations must lead to the question how to make the first contact with a cardiologist more useful, since the final diagnosis is most often to be found in his/her area of competence. Still, syncope is a very heterogeneous condition, and although the majority of events can be effectively handled, some diagnoses will be difficult. In those cases, a multidisciplinary approach is of great importance and access to physicians in other specialties needs to be considered.
The PICTURE found a high diagnostic yield with ILRs, which guided the diagnosis in 78% of patients with recurrent syncope and provided useful information in another 6%. Observational studies reflect clinical practice and without end point adjudication, site monitoring, etc., a margin for error must be taken into account. On the other hand, it can be argued that clinically relevant diagnostic yield measurements have to be obtained from studies in clinical practice with all that implies as to compliance, methodological differences between practices, etc. Diagnostic rates above 50% with the use of an ILR have been reported in other, smaller studies 19 -21 with one early study claiming .90%. 22 One report by Farwell and Sulke 16 noted markedly enhanced diagnosis rates with an increased use of automatic recording of events. Half the population in PICTURE received the newer Reveal device models in which the automatic recording mode is always active.
In the other half of the patients, when automatic detection was not the default and could be switched off at the discretion of the investigator, we cannot exclude that the yield would have been improved if the automatic detection had always been enabled. There were 25 symptomatic recurrences without an ILR recording, implying that the rhythm during the event was sinus rhythm or, possibly, that automatic detection was switched off and the patient forgot or was unable to activate the device. In the Reveal Plus device, used in 254 subjects, automatic capture can be switched off, an option not available in the newer devices. An obvious action would be to advise clinicians that automatic detection should always be activated. We do not have data on the actual settings in the Reveal Plus devices. Subjects were advised to contact the treating physician promptly in the case of a suspected event; hence, it is unlikely that any symptomatic event went unrecorded from loss of memory. Ideally, a device-based diagnosis should lead to a specific treatment, and this was very often the case in PICTURE. A cardiac cause of syncope was found in 59% of the patients with recurrent syncope, leading to symptomatic treatment with pacemakers (at rates corresponding to reported rates of bradycardia in syncope patients 9 ), ablation and medication as well as life-saving treatment with implantable defibrillators. In less than 20% of patients with a Reveal-guided diagnosis was there a decision to undertake no specific treatment. In this group of patients, the benefit of knowing the cause of syncope would have reduced the need for further diagnostic tests. This finding implies that many tests undertaken prior to implant were unnecessary in that they had a low probability of reaching a diagnosis.
The main advantage of ILRs is to provide continuous monitoring, increasing the chances of obtaining such findings. The KaplanMeier estimates showed that most PICTURE patients had their first syncopal recurrence after more than 30 days from implant ( Figure 2) . This illustrates the need for longer-term monitoring to Figure 4 Treatment decisions made in relation to syncope after diagnosis. There were no ICD implants or catheter ablations in the 48 patients with an episode but without Reveal-guided diagnosis.
Use of an implantable loop recorder obtain a diagnosis. Recurrence rates during the longer follow-up period of 10 + 6 months were 38%. This is within the range of what has been reported in other studies with similar study populations. Farwell et al. 23 found a 1-year recurrence rate of 66%, whereas Solano et al. 21 reported 21% yearly recurrence rates.
Differences between the groups of patients are probably responsible for these discrepancies. In PICTURE, the 50% of patients who received a Reveal Plus device with a battery life of around 14 months may not have had sufficient time to experience a syncopal event. The Reveal DX/XT models that became available during the course of the conduct of PICTURE have a battery life of 3 years and given the recurrence rates increasing with time in patients with follow-up visit data beyond 12 months (Figure 2) , it seems reasonable that within this time span the majority of the study population would experience an event.
Limitations
The PICTURE was an observational registry and the results should be interpreted accordingly. However, such data complement those of randomized, controlled studies, and may better describe the real-world situation. The fact that 12% of implanted patients did not have follow-up visit data is a limitation. Follow-up rates may well be improved in the future by newer technologies for remote monitoring and automatic data delivery. Patients with presyncope only were admitted into the registry, and they have been analysed and reported together with patients with syncope, since the subgroup was small.
Conclusions
In patients with unexplained syncope and a recurrence during follow-up, the ILR revealed or contributed to establishing the mechanism of syncope in the vast majority. The PICTURE study found a great diversity and number of physicians consulted, plus a large number of tests performed. The proportion of patients with an ILR-guided diagnosis increased over time and was still growing at the end of follow-up, implying that more patients would get a diagnosis before the end of battery life. The findings support the recommendation in current guidelines that an ILR should be implanted early rather than late in the evaluation of unexplained syncope. The best way to disseminate this information to physicians and increase the adherence to guidelines remains a challenge.
